Abstract. The clinical course of renal cell carcinoma (RCC) can be difficult to predict. In this study we evaluated the prognostic value of anillin and Ki-67 in predicting survival in RCC. Immunohistochemical analysis using anillin and Ki-67 antibodies was performed on tissue microarrays constructed from paraffin-embedded specimens from 152 patients with primary RCC. The mean follow-up time was 90 months. Levels of anillin and Ki-67 staining were correlated with clinical factors, pathological features and survival. Anillin expression in cytoplasmic and nuclear fractions of the RCC cell line 786-O was examined using Western blot analysis. Cytoplasmic anillin immunopositivity was detected in 121 (83%) tumours. Nuclear anillin expression was present in 40 (27%) tumours and increased Ki-67 activity in 98 (66%) tumours. A positive association was found between nuclear anillin and Ki-67 proliferation activity (p=0.005). The mean RCC-specific survival times for anillin immunopositive and immunonegative tumours were 158 (95% CI 143-173) and 109 (78-141) months, respectively, with p=0.03. Increased Ki-67 activity showed a tendency towards a poorer prognosis, although this was not statistically significant. In the Cox regression analysis for cytoplasmic anillin, nuclear anillin or Ki-67 rate, and age, gender, stage and nuclear grade, the only significant factor in RCC-specific survival was stage (p<0.001). Western blot analysis showed anillin expression in both nuclear and cytosolic fractions of the RCC cell line. To conclude, anillin expression can be observed both in the cytoplasm and nuclei in patients with RCC. Cytoplasmic anillin expression is a marker of favourable prognosis in RCC patients.
Introduction
Renal cell carcinoma (RCC) is a cancer of increasing incidence and one of the most lethal urological malignancies with up to 40% of patients eventually dying from cancer progression (1, 2) . By the time they are diagnosed, up to one-third of patients already have a metastasised disease and half of the remaining patients will suffer a recurrence after curative treatment (3) . Stage, the Fuhrman grade, histological subtype and many histological features like microscopic venous invasion, necrosis and sarcomatoid features are well-known prognostic factors for RCC (4, 5) . However, there is currently no clinically useful immunohistochemical marker for evaluating the prognosis of patients with RCC. In the era of new targeted therapies there is a need for new prognostic factors for RCC so that the treatment and follow-up of individual patients can be planned more precisely.
Anillin (ANLN) is a protein with a calculated molecular weight of 124 kDa. Anillin cycles from the nucleus to the cell cortex (6) and regulates the contractile ring (7) . It was originally identified as an actin-binding protein (8) but it also binds non-muscle myosin II (7) and at least some septins (9, 10) . Anillin expression has been detected in several carcinomas (11) .
Cell proliferation is a central process in malignancy. Cell kinetics can be studied using monoclonal antibodies against proliferation-associated antigens. These antigens are cycleassociated proteins and one of them is Ki-67 (12) . The Ki-67 antigen is a well-characterized proliferation marker and its expression is linked with growth fraction of tumour cells (13) . Of note, a significant linear relationship was detected between anillin and Ki-67 mRNA expressions in colorectal, lung, breast and lymphoid tissues (11) .
The aim of this study was to examine the expression of anillin and Ki-67 proliferation activity in RCCs by immunohistochemistry and to clarify any associations between their expression and clinical characteristics of the tumours, and their prognostic significance. For this, we investigated a large set of RCCs consisting of different histological types and correlated the results with the clinical behaviour of RCC.
Materials and methods
Patients. The retrospective study group consisted of 152 patients treated with radical nephrectomy or renal resection for primary RCC at Oulu University Hospital, Oulu, Finland between 1990 and 1999. The median age of the patients was 63 (range 29-86) years, and 77 (51%) patients were women and 75 were (49%) men. Of the tumours, 7 (5%) were resected and 145 (95%) were operated on by radical nephrectomy. The median follow-up time was 90 (range 0-209) months and follow-up was completed in all cases. During follow-up, 44 (29%) patients died of RCC, 40 (26%) died of other causes and 68 (45%) patients were still alive. This cohort was described in a previous study (14) (15) (16) . The research plan was approved by the local ethics board. The exact stage of the disease was recorded according to the TNM classification of RCCs (17) . Archival material of formalin-fixed and paraffinembedded tumours was reclassified and graded according to the current WHO classification (18) . The most representative area from each tumour block was selected for a multitissue array block.
Immunohistochemistry procedure. The antibodies used in immunostaining were a rabbit polyclonal antibody (IHC-00298, Bethyl Laboratories, TX, USA, dilution 1:50) against anillin and a mouse monoclonal antibody (NCL-Ki-67-MM1, Leica Biosystems Newcastle Ltd., Newcastle Upon Tyne, UK, dilution 1:50) against Ki-67. First, 3-μm thick sections were deparaffinized in xylene, rehydrated in a descending ethanol series and washed in phosphate-buffered saline (PBS). The sections were then boiled in 0.01 M citrate buffer (pH 6.0) for 10 min or Tris-EDTA (pH 9.0) for 15 min in a microwave oven for anillin and Ki-67 staining, respectively. The sections were cooled for 15 min and washed twice in PBS. Endogenous peroxidise activity was eliminated by incubation in 5% hydrogen peroxide and absolute methanol. The bound anti-bodies were visualized using the EnVision system (DakoCytomation, Glostrup, Denmark). 3,3'-Diaminobenzidine hydrochloride (DAB) was used as the chromogen.
Cell culture. Renal cell adenocarcinoma cell line 786-O (CRL-1932) cells were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). The cell cultures were maintained in RPMI-1640 (Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10 mM HEPES, 1 mM sodium pyruvate, 2.5 g/l D-glucose and 1% penicillinstreptomycin (Invitrogen-Gibco, Carlsbad, CA, USA), and they were added to 10% foetal bovine serum (HyClone, Logan, UT, USA) at 37˚C in a humidified atmosphere of 5% CO 2 .
Immunoblotting. Nuclear and cytosolic fractions of proteins from kidney cancer cell line 786-O were isolated using a Nuclear/Cytosol Fractionation Kit (Biovision, Mountain View, CA, USA) as recommended by the manufacturer. After boiling the samples in reducing SDS sample buffer for 5 min, 10 μg of protein was loaded per lane and the samples were electrophoresed on 10% polyacrylamide SDS gel and transferred to a PVDF membrane for anillin (IHC-00298, Bethyl Laboratories) or lamin A/C (NCL-LAM-A/C, Leica Biosystems Newcastle Ltd.) detection. For anillin detection, nondenaturating conditions were used as the samples were not boiled and ß-mercaptoethanol was not used. Nuclear contamination of the cytosolic fraction was excluded by lamin A/C staining (19) (20) (21) . The binding of target proteins on the membranes was revealed by goat anti-mouse or goat antirabbit HRP-conjugated secondary antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The protein bands were visualized by chemiluminescence.
Immunohistochemical evaluation of anillin and Ki-67 expression. Cytoplasmic immunostaining for anillin was classified as negative or weak, moderately or strongly positive according to the intensity of the staining. For further analysis of cytoplasmic anillin, the subgroups with positive immunostaining were combined as positive. Nuclear immunostaining for anillin was classified dichotomously as negative or positive.
Immunostaining for anillin was graded by three interpreters (H.R., P.H. and S.K.) without knowledge of the clinical data. The case-by-case final consensus grade was discussed and determined in a common session. Nuclear immunostaining for Ki-67 was evaluated as the percentage of stained nuclei and for further analyses tumours which showed immunopositivity over 10% were regarded as having an increased proliferative activity. One observer (H.R.) scored the Ki-67 staining.
Statistical analyses. Statistical analyses were performed using SPSS for Windows 15 (Chicago, IL, USA). Statistical significance between expressions and clinicopathological parameters was determined using the ¯2 test or Fisher's exact test in the case of expected low frequencies. Corrected cancerspecific survival was analysed with the Kaplan-Meier curve and the significance with the log-rank test. The Cox regression model was used for multivariate analysis.
Results
Overall evaluation of immunostaining. Diffuse cytoplasmic anillin immunostaining was detected in 121 (83%) cases ( Fig. 1 ). Among these, the intensity of positive cytoplasmic staining was graded as weak in 70 (48%), moderate in 43 (30%) and strong in 8 (5%) tumours. Nuclear anillin was present in 40 (27%) tumours. Twenty cases (13%) showed increased proliferative activity in Ki-67 staining.
Detection of anillin expression in the cytoplasm of the RCC cell line. Using nuclear and cytosolic fractions of the 786-O cell line, we detected anillin expression mainly in the nuclear fraction, but some expression was also present in the cytosolic fraction (Fig. 2) , confirming the expression detected in RCC tissue samples.
Association of anillin expression and Ki-67 activity with clinicopathological features of RCC.
Cytoplasmic anillin expression was associated with the histological subtype of RCC. Clear cell and chromophobic carcinomas were more often immunopositive for cytoplasmic anillin than papillary and unclassified carcinomas (Table I) . Cytoplasmic anillin expression was not associated with tumour class or nuclear grade. Tumours with an advanced stage were more often immunonegative for cytoplasmic anillin (Table I) . Nuclear anillin expression was associated with a higher stage (p=0.02) but not with nuclear grade, tumour class or the histological subtype or RCC (data not shown).
The activity of Ki-67 was not associated with tumour class, stage, nuclear grade or the histological subtype of RCC (data not shown). Nuclear anillin and Ki-67 activity were associated with 96 (77%) tumours with low Ki-67 labelling, which were also immunonegative for anillin, and 11 (55%) of the cases with increased Ki-67 activity were anillin immunopositive (p=0.005). No association was detected between cytoplasmic anillin expression and Ki-67 activity (data not shown).
Prognostic role of anillin in RCC.
The RCC-specific survival was longer for anillin immunopositive tumours (Fig. 3) . The mean RCC-specific survival times for anillin immunopositive and immunonegative tumours were 158 (95% CI 143-173) and 109 (78-141) months, respectively, with p=0.03. Nuclear anillin expression seemed to be associated with a tendency for a better prognosis in RCC-specific survival but this was not statistically significant (data not shown).
The Ki-67 activity showed a tendency towards a poorer prognosis, although this was not statistically significant (p=0.08). The mean RCC-specific survival times for high and low Ki-67 activity in RCC were 117 (95% CI 76-158) and 155 (140-170) months, respectively.
In the Cox regression analysis for cytoplasmic anillin, nuclear anillin or Ki-67 expression, and age, gender, stage and nuclear grade, the only statistically significant factor in RCC specific survival was stage (p<0.001). Table I . Association between cytoplasmic anillin expression and clinical and tumour characteristics in RCC. ------------------------------------------------ 
Discussion
In the present study, we characterised the expression of anillin in RCC and we found a significantly longer mean survival time, of approximately four years, among patients with tumours expressing anillin in the cytoplasm. We further proved the cytoplasmic expression of anillin in a human renal cell carcinoma cell line using cytosolic and nuclear fractions in Western blot analysis. Cytoplasmic immunostaining of anillin has been observed previously (11) , but it was obviously considered to comprise unspecific binding in immunohistochemistry. However, cytoplasmic expression of anillin has been reported during interphase (9) , which supports our findings.
The highest anillin expression was detected in the central nervous system (CNS). The median level of anillin mRNA was found to be higher in tumours than in normal tissues, with the exception of the CNS where anillin mRNA levels were higher in normal tissues than in tumours (11) . Anillin mRNA expression has been studied during tumour progression in breast, ovarian, kidney, colorectal, hepatic, lung, endometrial and pancreatic tumours (11, 22) . In all of these tissues there was progressive increase in anillin mRNA expression from normal to benign to malignant to metastatatic disease (11) . Immunohistochemical staining of nuclear anillin in nonsmall cell lung carcinoma microarrays was associated with poor patient survival, indicating that this molecule might serve as a prognostic indicator (23) .
The process of cell division involves a complex choreography of regulatory and structural events (24) . Anillin is a key component which couples filament systems during cytokinesis, and it may influence their spatial organization (6, 9) . The depletion of anillin may result in failure of cytokinesis (7). In normal tissues, nuclear anillin immunoreactivity does not often correlate with proliferative components, which may indicate that anillin might have non-proliferationassociated activities and roles in interphase nuclei (11) .
In RCCs, Ki-67 was identified as an independent prognostic marker (25, 26) . In conventional RCCs, the intensity of Ki-67 staining was positively correlated with primary tumour size and associated with disease stage and grade (27) . However, due to the very low proliferative fraction identified by Ki-67, there are difficulties in its semi-quantitative assessment and the possibilities in routine pathological assessment are limited (26) . In our study, there was no prognostic significance of the Ki-67 activity. This may be explained by the afore-mentioned technical and practical difficulties, and it may also be due to different populations and cohort sizes. However, we did observe a positive association between Ki-67 and the nuclear expression of anillin, which supports the previous findings of positive association between Ki-67 and anillin mRNA levels in various different tissue samples (11) .
The biological significance of cytoplasmic anillin expression remains unclear. Based on previous studies, the potential role during cytokinesis (6, 7, 9) does not support the finding of better prognosis among patients with cytoplasmic anillin expression. In contrary, the presence of anillin in the cytoplasm of interphase cells (9) which may not be actively proliferating could explain the better prognosis of patients with cytoplasmic anillin expression.
In the present study we characterised the expression of anillin in the cytoplasm and nuclei of RCC specimens. Patients with cytoplasmic expression of anillin in their tumours had a better prognosis. Anillin immunostaining is a potential prognostic tool for clinical use and it should be evaluated in other RCC cohorts. 
